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@  Process  for  producing  modified  polytetrafluoroethylene. 
A  modified  polytetrafluoroethylene  is  produced  by 

polymerizing  tetrafluoroethylene  in  an  aqueous  medium 
containing  a  dispersing  agent  with  a  polymerization  initiator 
source  and  then,  copolymerizing  tetrafluoroethylene  and  a 
fluorinated  monomer  having  an  acid  type functional  group 
as  a  copolymerizable  modifier  in  the  presence  of  the  result- 
ing  polytetrafluoroethylene  to  obtain  a  modified  polytetraf- 
luoroethylene  having  the  modifier  component  of  0.001  to  10 
mol %. 



B A C K G R O U N D   OF  THE  I N V E N T I O N :  

F I E L D   OF  THE  I N V E N T I O N :  

The  p r e s e n t   i nven t ion   r e l a t e s   to  a  p r o c e s s   for  p r o d u c i n g  

a  m o d i f i e d   p o l y t e t r a f l u o r o e t h y l e n e .   M o r e   p a r t i c u l a r l y ,   it  r e l a t e s   t o  

a  p r o c e s s   for  p r o d u c i n g   a  m o d i f i e d   p o l y t e t r a f l u o r o e t h y l e n e   hav ing   a  

h o m o p o l y m e r   of  t e t r a f l u o r o e t h y l e n e   as  a  core   and  a  c o p o l y m e r   h a v i n g  

f u n c t i o n a l   g r o u p s   as  a  shea th   l aye r   of  p a r t i c l e s   of  the  p o l y m e r   b y  

h o m o p o l y m e n z i n g   t e t r a f l u o r o e t h y l e n e   in  the  f i r s t   s tep  and  t h e n ,  

c o p o l y m e r i z i n g   t e t r a f l u o r o e t h y l e n e   and  a  f l u o r i n a t e d   m o n o m e r   h a v i n g  

a  s p e c i f i c   f u n c t i o n a l   g roup   in  the  l a t e r   s tep  in  an  e m u l s i o n   p o l y m e r i z a -  

tion  of  t e t r a f l u o r o e t h y l e n e .  

D E S C R I P T I O N   OF  THE  PRIOR  A R T S :  

P o l y t e t r a f l u o r o e t h y l e n e   o b t a i n e d   by  an  e m u l s i o n   p o l y m e r i z a -  

tion  of  t e t r a f l u o r o e t h y l e n e   ( r e f e r r i n g   to  as  fine  p o w d e r )   is  e a s i l y  

f i b r i l a t e d   by  shear   f o r c e .   V a r i o u s   a p p l i c a t i o n s   of  the  p r o d u c t s   of  

p o l y t e t r a f l u o r o e t h y l e n e   ob ta ined   by  f i b r i l a t i o n   have  been  p r o p o s e d ,  

for  e x a m p l e ,   a  d u s t - p r e v e n t i n g   m e t h o d   us ing  f i b r i l a t e d   p o l y t e t r a -  

f l u o r o e t h y l e n e   as  d i s c l o s e d   in  J a p a n e s e   U n e x a m i n e d   P a t e n t   P u b l i c a t i o n  

No.  3 8 6 8 4 / 1 9 7 2   and  No.  1 0 7 9 9 2 / 1 9 7 4 ;   a  s t r e n g t h   i m p r o v i n g   m e t h o d  

for  r u b b e r   etc.   d i s c l o s e d   in  J a p a n e s e   U n e x a m i n e d   P a t e n t   P u b l i c a t i o n  

No.  8 5 8 4 5 / 1 9 7 8 ,   No.  8 6 5 0 / 1 9 7 8 ;  a n d   No.  4 3 8 5 3 / 1 9 7 7   e t c .  ;  a n d  

a  p r o c e s s   for  p r e p a r i n g   po rous   shee t   d i s c l o s e d   in  J a p a n e s e   P a t e n t  

P u b l i c a t i o n   No.  2 8 0 3 0 / 1 9 7 4   and  J a p a n e s e   U n e x a m i n e d   P a t e n t  

P u b l i c a t i o n   No.  7 2 8 4 / 1 9 7 1 ;   and  o t h e r s .  



In  the  p r o d u c t i o n   of  an  ion  e x c h a n g e   m e m b r a n e   for  i m p r o v i n g  

c h e m i c a l   r e s i s t a n c e ,   it  h a s   been   p r o p o s e d   to  u t i l i z e   a  net  m a d e   o f  

f i b r i l e   of  p o l y t e t r a f l u o r o e t h y l e n e   as  d i s c l o s e d   in  J a p a n e s e   U n e x a m i n e d  

P a t e n t   P u b l i c a t i o n   No.  4 6 5 8 9 / 1 9 7 6 .   An  i n c o r p o r a t i o n   of  a  r e l a t i v e l y  

s m a l l   a m o u n t   of  f i b r i l e   of  p o l y t e t r a f l u o r o e t h y l e n e   for  i m p r o v i n g   t e a r  

s t r e n g t h   and  f l e x u r a l   s t r e n g t h   of  a  c a t i o n   e x c h a n g e   m e m b r a n e   o f  a  

f l u o r i n a t e d   r e s i n   as  a  m e m b r a n e   for  an  e l e c t r o l y s i s   to  ob ta in   a  b a s e  

as  d i s c l o s e d   in  J a p a n e s e   U n e x a m i n e d   P a t e n t   P u b l i c a t i o n   No.  1 4 9 8 8 1 /  

1978,  No.  1 2 8 3 / 1 9 7 9   and  No.  1 0 7 4 7 9 / 1 9 7 9 .  

The  i n v e n t o r s   have   found  the  f o l l o w i n g   i n t e r e s t   f ac t s   in  t h e  

s t u d i e s   for   r e i n f o r c i n g   a  c a t i o n   e x c h a n g e   m e m b r a n e   of  a  f l u o r i n a t e d  

r e s i n   by  b l e n d i n g   f i b r i l e s   of  p o l y t e t r a f l u o r o e t h y l e n e   ( r e f e r r i n g   to  a s  

P T F E ) .   W h e n   a  c a t i o n  e x c h a n g e   m e m b r a n e  o f   a  f l u o r i n a t e d   r e s i n  

h a v i n g   c a t i o n   e x c h a n g e   g r o u p s   such   as  c a r b o x y l i c   ac id   g r o u p s   a n d  

s u l f o n i c   ac id   g r o u p s ,   wi th   the  c o n v e n t i o n a l   P T F E   f i b r i l e s ,   t h e  

a f f i n i t y   of  the  r e s i n   for  the  m e m b r a n e   s u b s t r a t e   to  the  P T F E   f i b r i l e s  

is  not  h igh  enough   to  a t t a i n   a  d e s i r e d   r e i n f o r c i n g   e f fec t .   In  s u c h  c a s e ,  

if  the  c o n t e n t   of  the  P T F E   f i b r i l e s   is  i n c r e a s e d ,   the  v i s c o e l a s t i c i t y  

is  h i g h l y   i n c r e a s e d   to  c a u s e   d i f f i c u l t y   for  f a b r i c a t i o n   of  the  m e m b r a n e  

and  the  a f f i n i t y   is  not  h igh   to  c a u s e   the  b a l l o o n i n g   or  f o a m i n g   by  t h e  

l a y e r   p e e l i n g - o f f .  

The  i n v e n t o r s   have   found  tha t   the  t r o u b l e s   c a u s e d   by  t h e  

i n s u f f i c i e n t   a f f i n i t y   can  be  e f f e c t i v e l y   o v e r c o m e   by  us ing  h y d r o p h i l i c  

P T F E   f i b r i l e s .   The  p r o c e s s  f o r   p r o d u c i n g   h y d r o p h i l i c   P T F E   w h i c h  

is  f i b r i l a t a b l e   has  been   s t u d i e d  t o   find  the  fact   that   the  ob j ec t   has  b e e n  

a t t a i n e d   by  c o p o l y m e r i z i n g   a  s m a l l   a m o u n t   of  a  f l u o r i n a t e d   m o n o m e r  

h a v i n g   an  ac id   type  f u n c t i o n a l   g roup   such   as  c a r b o x y l i c   ac id   g roup   i n  

a  l a t e r   s t age   of  an  e m u l s i o n   p o l y m e r i z a t i o n   of  t e t r a f l u o r o e t h y l e n e   t o  

f o r m   a  s h e a t h   l a y e r   of  p a r t i c l e s   of  the  p o l y m e r .  



S U M M A R Y   OF  THE  I N V E N T I O N :  

It  is  an  objec t   of  the  p r e s e n t   i n v e n t i o n   to  p rov ide   a  h y d r o p h i l i c  

m o d i f i e d   p o l y t e t r a f l u o r o e t h y l e n e   which  is  e a s i l y   f i b r i l a t e d   and  w h i c h  

has  high  a f f in i ty   to  a  f l u o r i n a t e d   r e s i n   used  for  an  ion  exchange   r e s i n  

such   as  a  ca t ion   e x c h a n g e   m e m b r a n e ,   e s p e c i a l l y   in  the  r e i n f o r c e m e n t  

of  a  ca t ion   e x c h a n g e   m e m b r a n e .  

The  f o r e g o i n g   and  o the r   o b j e c t s   of  the  p r e s e n t   i n v e n t i o n  

have  been  a t t a i n e d   by  p r o v i d i n g   a  p r o c e s s   for  p r o d u c i n g   a  m o d i f i e d  

p o l y t e t r a f l u o r o e t h y l e n e   by  p o l y m e r i z i n g   t e t r a f l u o r o e t h y l e n e   in  a n  

a q u e o u s   m e d i u m   c o n t a i n i n g   a  d i s p e r s i n g   agen t   with  a  p o l y m e r i z a t i o n  

i n i t i a t o r   s o u r c e   and  then,   c o p o l y m e r i z i n g   t e t r a f l u o r o e t h y l e n e   and  a  

f l u o r i n a t e d   m o n o m e r   hav ing   an  acid  type  f u n c t i o n a l   group  as  a  

c o p o l y m e r i z a b l e   m o d i f i e r   in  the  p r e s e n c e   of  the  r e s u l t i n g   p o l y t e t r a -  

f l u o r o e t h y l e n e   to  obta in   a  m o d i f i e d   p o l y t e t r a f l u o r o e t h y l e n e   having  t h e  

m o d i f i e r   c o m p o n e n t   of  0 .001  to  10  mol   %. 

D E T A I L E D   D E S C R I P T I O N   OF  THE  P R E F E R R E D   E M B O D I M E N T S :  

The  p r o c e s s   of  the  p r e s e n t   i n v e n t i o n   is  an  e m u l s i o n  

p o l y m e r i z a t i o n   c a r r i e d   out  in  the  p r e s e n c e   of  a  d i s p e r s i n g   agen t  . t o  

ob ta in   the  p o l y m e r   as  a  c o l l o i d a l   d i s p e r s i o n   in  w a t e r .   The  p a r t i c l e  

of  the  p o l y m e r   has  an  a v e r a g e   d i a m e t e r   of  about   0.  1 to  0 . 5  µ .  

The  p o l y m e r   can  be  ob ta ined   as  p a r t i c l e s   in  a  f o rm  of  powder   by  

c o a g u l a t i o n   of  the  d i s p e r s i o n .   In  usual ,   it  has  been  found  that  n u m b e r  

of  p a r t i c l e s   f o r m e d   at  the  in i t i a l   s tage   of  the  p o l y m e r i z a t i o n   is  no t  

changed   in  an  e m u l s i o n   p o l y m e r i z a t i o n   of  t e t r a f l u o r o e t h y l e n e   w h e r e b y  

the  p o l y m e r i z a t i o n   r e a c t i o n   is  p e r f o r m e d   by  i n c r e a s i n g   d i a m e t e r s   of 

p a r t i c l e s .  



In  the  p r o c e s s   of  the  p r e s e n t   i n v e n t i o n ,   p a r t i c l e s   of  t h e  

m o d i f i e d   p o l y t e t r a f l u o r o e t h y l e n e   c o m p r i s e   the  c o r e s   m a d e   o f  

h o m o p o l y m e r   of  t e t r a f l u o r o e t h y l e n e   and  the  m o d i f i e r   c o m p o n e n t  

i n c l u d e d   in  the  s h e a t h   l a y e r s   w h i c h   a re   upto  30%  of  the  t o t a l   w e i g h t  

of  the  p a r t i c l e s .  

The  m o d i f i e d   p o l y t e t r a f l u o r o e t h y l e n e   p r o d u c e d   by  t h e  

p r o c e s s   of  the  p r e s e n t   i n v e n t i o n   has   the  c o p o l y m e r i z e d   s p e c i f i c  

m o d i f i e r   c o m p o n e n t   at  a  r a t i o   of  0. 001  to  10  mol   %  in  the  s h e a t h   l a y e r s  

o f   the  p a r t i c l e s   of  the  m o d i f i e d   p o l y t e t r a f l u o r o e t h y l e n e   as  the  d o u b l e  

l a y e r   s t r u c t u r e .   Even   though   the  c o n t e n t   of  t h e  m o d i f i e r   c o m p o n e n t  

is  r e l a t i v e l y   s m a l l ,   the  m o d i f i e r   c o m p o n e n t   is  i n c l u d e d   in  the  s h e a t h  

l a y e r s   w h e r e b y   h y d r o p h i l i c   p r o p e r t y   is  i m p a r t e d   w i thou t   s u b s t a n t i a l  

c h a n g e s   of  v a r i o u s   p h y s i c a l   p r o p e r t i e s   e s p e c i a l l y   h e a t - r e s i s t a n c e ,  

c h e m i c a l   r e s i s t a n c e ,   and  f i b r i l a t i o n   f r o m   t h o s e   of  the  h o m o p o l y m e r .  

T h e r e f o r e ,   this   can  be  e f f e c t i v e l y   used   for  r e i n f o r c i n g   a  m e m b r a n e  

of  a  f l u o r i n a t e d   r e s i n   h a v i n g   c a t i o n   e x c h a n g e   g r o u p s .  

The  m o d i f i e r   used   in  the  p r e s e n t   i n v e n t i o n   is  a  f l u o r i n a t e d  

m o n o m e r   hav ing   an  ac id   type  f u n c t i o n a l   g r o u p   such  as  c a r b o x y l i c  

ac id   g r o u p .   The  ac id   type  f u n c t i o n a l   g r o u p s   can  be  c a r b o x y l i c   a c i d  

g r o u p ,   s u l f o n i c   acid   g roup   and  p h o s p h o r i c   ac id   g roup   or  a  f u n c t i o n a l  

g r o u p   wh ich   is  c o n v e r t i b l e   to  the  ac id   g r o u p .   One  or  two  or  m o r e  

kind  of  the  m o d i f i e r   can  be  used .   In  the  i n v e n t i o n ,   it  is  i m p o r t a n t  

to  c o p o l y m e r i z e   the  m o d i f i e r   in  the  s h e a t h   l a y e r   of  the  p a r t i c l e s   o f  

the  p o l y m e r .   The  m o d i f i e r   c o m p o n e n t - c o n t a i n i n g   s h e a t h   l a y e r   i s  

f o r m e d   at  a  r a t i o   of  upto  30%  p r e f e r a b l y   l e s s   than  20%  b a s e d   on  t h e  

t o t a l   w e i g h t   of  the  p a r t i c l e s   of  the  p o l y m e r .   The  m o d i f i e r   c o m p o n e n t  

is  i n c l u d e d   at  a  r a t io   of  about   0 . 001   to  10  mol%  p r e f e r a b l y   about   0 . 0 1  

to  5  mol%  b a s e d   on  the  t o t a l   p o l y m e r .   When  the  r a t i o   of  the  m o d i f i e r  

c o m p o n e n t - c o n t a i n i n g   s h e a t h   l a y e r   is  too  high,   the  f i b r i l a t i o n   i s  

i n s u f f i c i e n t .   When  the  c o n t e n t   of  the  m o d i f i e r   c o m p o n e n t   is  too  s m a l l ,  



the  e f fec t   of  the  m o d i f i c a t i o n   is  i n s u f f i c i e n t   w h e r e a s   when  it  is  t o o  

much   the  f i b r i l a t i o n   is  i n s u f f i c i e n t   and  the  heat   r e s i s t a n c e   and  t h e  

c h e m i c a l   r e s i s t a n c e   of  the  p r o d u c t   a r e   i n f e r i o r .  

The  t y p i c a l   m o d i f i e r s   used  in  the  p r o c e s s   of  the  p r e s e n t  

i n v e n t i o n   a re   f l u o r o v i n y l   c o m p o u n d s   hav ing   the  f o r m u l a  

w h e r e i n   p  is  0  o r  1 ;   1  i s  0  t o  3 ;   m  i s  0  t o  1 ;   n is  0 to  12;  X  r e p r e s e n t s  

-F,   -Cl  or  - C F 3 ;   X'  r e p r e s e n t s   -F  or  - C F 3 ;   Y  and  Y'  r e s p e c t i v e l y  

r e p r e s e n t   -F  or  a  C1-10   p e r f l u o r o a l k y l   group;   A  r e p r e s e n t s   - C N ,  

- C O F ,   -COOH,   - C O O R 1 ,   -COOM  or  - C O O N R 2 R 3 ,   -SO2F ,   - S O 3 M ,  

- S O 3 H ,  R  r e p r e s e n t s   a  C 1 - 1 0  

a lky l   g roup ;   R2  and  R3  r e s p e c t i v e l y   r e p r e s e n t   -H  or  R 1 ;  

R4  r e p r e s e n t s   R1;  M  r e p r e s e n t s   an  a lka l i   m e t a l   a tom  or  a  q u a t e r n a r y  

a m m o n i u m   g r o u p .  

F r o m   the  v i e w p o i n t s   of  the  p r o p e r t y   and  a v a i l a b i l i t y ,   it  i s  

p r e f e r a b l e   to  use  the  f l u o r o v i n y l   c o m p o u n d   having  the  a b o v e - m e n t i o n e d  

f o r m u l a   w h e r e i n   X  and  X'  a re   -F;   Y  is  -CF3 ;   Y'  is  -F;  p  is  0  or  1; 

l  is  0  to  1;  m  is  0  to  1;  n  is  0  to  8 .  

F r o m   the  v i e w p o i n t   of  the  c o p o l y m e r i z a t i o n   r e a c t i o n ,   it  i s  

p r e f e r a b l e   to  use  the  f l u o r o v i n y l   c o m p o u n d   having  the  f o r m u l a   w h e r e i n  

A  is  - C O O R 1 ,   -SO2F  o r  

T y p i c a l   f l u o r o v i n y l   c o m p o u n d s   i n c l u d e  



In  the  p r o c e s s   of  the  p r e s e n t   i n v e n t i o n ,   the  c o p o l y m e r i z a b l e  

m o d i f i e r   is  fed  into  the  p o l y m e r i z a t i o n   s y s t e m   to  c o p o l y m e r i z e   it  w i t h  

t e t r a f l u o r o e t h y l e n e   a f t e r   p o l y m e r i z i n g   t e t r a f l u o r o e t h y l e n e   at  a  r a t i o  

of  at  l e a s t   70%  of  the  to ta l   we igh t   of  t e t r a f l u o r o e t h y l e n e   w h e r e b y   t h e  

m o d i f i e r   c o m p o n e n t   can  be  i n c l u d e d   in  the  s h e a t h   l a y e r s   at  a  r a t i o   o f  

upto  30%  of  the  t o t a l   we igh t   of  the  p a r t i c l e s   of  the  p o l y m e r .   Of  c o u r s e ,  

the  c o r e s   of  the  m o d i f i e d   p o l y t e t r a f l u o r o e t h y l e n e   can  be  f o r m e d   b y  

the  h o m o p o l y m e r i z a t i o n   of  t e t r a f l u o r o e t h y l e n e   and  then,   the  m o d i f i e r  

and  t e t r a f l u o r o e t h y l e n e  c a n   be  fed  into  the  r e a c t i o n   s y s t e m   in  t h e  

p r e s e n c e   of  the  h o m o p o l y m e r   p a r t i c l e s   as  c o r e s   to  c a r r y   out  t h e  

c o p o l y m e r i z a t i o n .  

The  t y p i c a l   p r o c e s s   of  the  p o l y m e r i z a t i o n   r e a c t i o n   of  t h e  

p r e s e n t   i n v e n t i o n   wil l   be  i l l u s t r a t e d .  

Into  a  r e a c t o r   e q u i p p e d   with  a  t e m p e r a t u r e   c o n t r o l l i n g  

m e c h a n i s m ,   d e i o n i z e d   w a t e r   is  c h a r g e d   and  a  d i s p e r s i n g   agen t   and  a  

p o l y m e r i z a t i o n   i n i t i a t o r   a r e   added   and  the  t e m p e r a t u r e   is  c o n t r o l l e d  

and  t e t r a f l u o r o e t h y l e n e   is  c o m p r e s s e d   to  be  a  s p e c i f i c   p r e s s u r e   w i t h  

s t i r r i n g   to  i n i t i a t e   the  p o l y m e r i z a t i o n .   The  t e m p e r a t u r e   f o r  

p o l y m e r i z a t i o n   is  p r e f e r a b l y   in  a  r a n g e   of  0  to  100 °C  and  the  p r e s s u r e  

for  p o l y m e r i z a t i o n   is  in  a  r a n g e   of  1  to  100  kg.  / c m 2   p r e f e r a b l y   3  t o  

50  kg.  / c m 2 .   The  p r e s s u r e   in  the  p o l y m e r i z a t i o n   r e a c t i o n   s y s t e m   i s  

m a i n t a i n e d   by  the  v a p o r   p r e s s u r e   of  t e t r a f l u o r o e t h y l e n e .   D e p e n d i n g  



upon  the  p o l y m e r i z a t i o n   r e a c t i o n ,   t e t r a f l u o r o e t h y l e n e   is  c o n s u m e d   t o  

r e d u c e   the  p r e s s u r e .   The  i nne r   p r e s s u r e   is  m a i n t a i n e d   by  c o m p r e s s i n g  

t e t r a f l u o r o e t h y l e n e   each   t ime   r e d u c i n g   the  i nne r   p r e s s u r e ,   for  e x a m p l e ,  

for  1  k g .  / c m 2   f r o m   the  i n i t i a l   p r e s s u r e   or  by  c o n t i n u o u s l y   f e e d i n g  

t e t r a f l u o r o e t h y l e n e .  

In  the  p r o c e s s   of  the  p r e s e n t   i n v e n t i o n ,   the  c o n v e n t i o n a l  

o r g a n i c   or  i n o r g a n i c   p e r o x i d e s   and  p e r s u l f a t e s   which  have  r a d i c a l  

f u n c t i o n   can  be  used  as  the  p o l y m e r i z a t i o n   i n i t i a t o r   s o u r c e .   It  is  a l s o  

p o s s i b l e   to  apply   i on i zed   r a d i o a c t i v e   r ays   such  as  X - r a y   and  δ - r a y  a s  

the  p o l y m e r i z a t i o n   i n i t i a t o r   s o u r c e .  

The  d i s p e r s i n g   agen t   can  be  v a r i o u s   c a t i o n i c ,   an ion ic   a n d  

n o n i o n i c   s u r f a c t a n t s ,   e s p e c i a l l y   an ion ic   s u r f a c t a n t s   as  w a t e r   s o l u b l e  

s a l t s   of  p o l y f l u o r o a l k y l   c o m p o u n d s ,   for  e x a m p l e ,   a l k a l i   m e t a l   s a l t s  

and  a m m o n i u m   s a l t s   of  p e r f l u o r o a l k a n i c   ac ids   and  o m e g a - h y d r o -  

p e r f l u o r o a l k a n i c   a c i d s .   The  d i s p e r s i n g   agen t   is  u s u a l l y   i n c o r p o r a t e d  

at  a  r a t i o   of  0.01  to  10  wt .%  p r e f e r a b l y   0 .05   to  5  wt. %  b a s e d   on  t h e  

a q u e o u s   m e d i u m .  

It  is  p o s s i b l e   to  i n c o r p o r a t e   a  d i s p e r s i o n   s t a b i l i z e r ,  

a  b u f f e r i n g   agen t ,   a  r e a c t i o n   a c c e l e r a t o r ,   and  a  pH  r e g u l a t o r   w h i c h  

a r e   used  in  the  c o n v e n t i o n a l   p o l y m e r i z a t i o n s   in  an  a q u e o u s   m e d i u m .  

It  is  a l so   p o s s i b l e   to  i n c o r p o r a t e   an  i ne r t   o r g a n i c   so lven t   such  a s  

f l u o r i n a t e d   s a t u r a t e d   h y d r o c a r b o n s   and  c h l o r o f l u o r i n a t e d   s a t u r a t e d  

h y d r o c a r b o n s   known  as  F r o n   type  s o l v e n t s .  

In  the  p r o c e s s   of  the  i nven t ion ,   it  is  p r e f e r a b l e   to  c a r r y   ou t  

the  c o p o l y m e r i z a t i o n   unde r   c o n t r o l l i n g   the  c o n c e n t r a t i o n   of  t h e  

r e s u l t i n g   c o p o l y m e r   to  l ess   than  40  wt. %  p r e f e r a b l y   l ess   than  30  wt .  %. 

When  the  c o n c e n t r a t i o n   is  too  high,  the  d i s a d v a n t a g e s   of  high  load  f o r  

s t i r r i n g ,   d i f f i cu l ty   of  heat   r e m o v a l   and  i n s u f f i c i e n t   d i f fu s ion   of  t h e  

m o n o m e r s   a re   found  and  the  r e s u l t i n g   p o l y m e r   n a t u r a l l y   c a u s e s  

c o a g u l a t i o n   w h e r e b y   it  is  d i f f icu l t   to  obta in   the  p o l y m e r   having  u n i f o r m  

p r o p e r t y .   Af t e r   the  p o l y m e r i z a t i o n ,   the  u n r e a c t e d   t e t r a f l u o r o e t h y l e n e  



m o n o m e r   is  p u r g e d .   The   u n r e a c t e d   acid   type  m o d i f i e r   m o n o m e r   c a n  

be  s e p a r a t e d   by  an  e x t r a c t i o n  w i t h   a  s o l v e n t   such   as  t r i c h l o r o t r i f l u o r o -  

e t h a n e .  

The  c o n d i t i o n   of  the  p o l y m e r i z a t i o n   a f t e r   the  a d d i t i o n   of  t h e  

m o d i f i e r   is  s e l e c t e d   d e p e n d i n g   upon  the  d e s i r e d  c o n t e n t   of  the  m o d i f i e r  

c o m p o n e n t   in  the  p a r t i c l e s   of  the  p o l y m e r .   The  p o l y m e r i z a t i o n   i s  

u s u a l l y   c a r r i e d   out  at  a  p o l y m e r i z a t i o n   t e m p e r a t u r e   of  0  to  100 °C  u n d e r  

the  p r e s s u r e   of  1  to  100  kg.  / c m 2  p r e f e r a b l y   3  to  50  kg.  / c m 2 .  

The  m o d i f i e r   is  i n c o r p o r a t e d   at  a  r a t i o   of  0 . 0 0 1   to  100  w t .  

p a r t s   p r e f e r a b l y   0.  1 to  30  wt.  p a r t s   per   100  wt.  p a r t s   of  the  a q u e o u s  

m e d i u m .   The  m o d i f i e r   can  b e  a d d e d   at  once  and  a l s o   can  b e  

s e q u e n t i a l l y   or  c o n t i n u o u s l y   a d d e d .   The  a d d i t i o n a l   m a t e r i a l s  

i n c o r p o r a t e d   in  the  f i r s t   s t a g e   of  t h e  p o l y m e r i z a t i o n   can  be  newly   a d d e d  

or  need   not  be  added   to  the  l a t e r   s t a g e   of  the  p o l y m e r i z a t i o n .  

The  m o d i f i e d   p o l y t e t r a f l u o r o e t h y l e n e   of  the  p r e s e n t  i n v e n t i o n  

can  be  u sed   in  v a r i o u s   f i e l d s ,  f o r   e x a m p l e ,  a s   a  r e i n f o r c i n g   s u b s t a n c e  

for   h y d r o p h i l i c   p o l y m e r s ;   a  p h y d r o p h i l i c   m e m b r a n e ,   a  f i l t r a t i o n  

m e m b r a n e ,   a  p a r t i t i o n   m e m b r a n e ,   h y d r o p h i l i c   b i n d e r ,   and  a  l i v i n g -  

a c c e p t a b l e   s u b s t a n c e .  

A  f u r t h e r   u n d e r s t a n d i n g   can  be  o b t a i n e d   by  r e f e r e n c e   t o  

c e r t a i n   s p e c i f i c   e x a m p l e s   wh ich   a r e   p r o v i d e d   h e r e i n  f o r   p u r p o s e s   o f  

i l l u s t r a t i o n   only  and  a r e   not  i n t e n d e d   to  be  l i m i t i n g   u n l e s s   o t h e r w i s e  

s p e c i f i e d .  

In  the  e x a m p l e s ,   an  ion  e x c h a n g e   c a p a c i t y   of  a  c a t i o n  

e x c h a n g e   m e m b r a n e   was  m e a s u r e d   as  f o l l o w s .  

A  H - t y p e   c a t i o n   e x c h a n g e   m e m b r a n e   was  i m m e r s e d   i n t o  

I N - H C l   at  60°C  for  5  h o u r s   to  c o m p l e t e l y   c o n v e r t   in  t o  H - t y p e  

m e m b r a n e ,   and  then,   the  m e m b r a n e   was  w a s h e d   with  w a t e r   so  as  t o  

be  f r ee   o f  HCl .   Then ,   0 .5   g.  of  t h e  H - t y p e   m e m b r a n e   was  i m m e r s e d  

into  a  s o l u t i o n   p r e p a r e d   b y  a d d i n g   25  ml  of  w a t e r   to  25  ml  of  0 .  1 N -  



NaOH.   Then,   the  m e m b r a n e   was  t aken   out  and  the  a m o u n t   of  N a O H  

in  the  s o l u t i o n   was  m e a s u r e d   by  a  back   t i t r a t i o n   with  0.  1 N - H C l .  

E X A M P L E   1: 

In  a  0.2  l i t e r   s t a i n l e s s   s t e e l   a u t o c l a v e ,   100  g.  of  w a t e r ,  

20  mg.   of  a m m o n i u m   p e r s u l f a t e ,   0 . 2  g .   of  C 8 F 1 7 C O O N H 4 ,   0.  5 g.  o f  

N a 2 H P O 4 · 1 2 H 2 O ,   0 . 3  g .   of  N a H 2 P O 4 · 2 H 2 O   and  5  g.  of  t r i c h l o r o t r i -  

f l u o r o e t h a n e   we re   c h a r g e d .   Ai r   in  the  a u t o c l a v e   was  p u r g e d   with  l i q u i d  

n i t r o g e n   and  the  a u t o c l a v e   was  h e a t e d   at  57 °C  and  t e t r a f l u o r o e t h y l e n e  

w a s  f e d   under   a  p r e s s u r e   of  20  kg.  / c m 2   to  i n i t i a t e   the  p o l y m e r i z a t i o n .  

A f t e r   0. 65  hour ,   the  u n r e a c t e d   t e t r a f l u o r o e t h y l e n e   was  p u r g e d   a n d  

p o l y t e t r a f l u o r o e t h y l e n e   was  ob t a ined   at  a  la tex  c o n c e n t r a t i o n   of  16 

w t . % .   T r i c h l o r o t r i f l u o r o e t h a n e   was  e v a p o r a t e d   f rom  the  la tex  a n d  

20  g.  of  C F 2 = C F O ( C F 2 ) 3 C O O C H 3   was  c h a r g e d   into  the  latex  in  t h e  

a u t o c l a v e .   Ai r   in  the  a u t o c l a v e   was  p u r g e d   and  the  a u t o c l a v e   w a s  

h e a t e d   to  57 °C  and  t e t r a f l u o r o e t h y l e n e   was  fed  under   a  p r e s s u r e   o f  

11  kg.  / c m 2   to  p e r f o r m   the  r e a c t i o n .   A f t e r   2.  6  hou r s   f rom  t h e  

i n i t i a t i o n   of  the  s econd   r e a c t i o n ,   t e t r a f l u o r o e t h y l e n e   was  p u r g e d   t o  

f in i sh   the  r e a c t i o n .   T r i c h l o r o t r i f l u o r o e t h a n e   was  added  to  the  r e s u l t -  

ing  la tex   to  s e p a r a t e   the  u n r e a c t e d   C F 2 = C F O ( C F 2 ) 3 C O O C H 3   by  t h e  

e x t r a c t i o n   and  then,   conc.   s u l f u r i c   ac id   was  added  to  c o a g u l a t e   t h e  

p o l y m e r   and  the  p o l y m e r   was  t h o r o u g h l y   w a s h e d   with  w a t e r   and  t h e n ,  

t r e a t e d   with  8 N - N a O H   a q u e o u s   s o l u t i o n   at  90 °C  for  5  h o u r s   and  w i t h  

1N-HCl   a q u e o u s   so lu t i on   at  60 °C  for  5  h o u r s   and  then,  t h o r o u g h l y  

w a s h e d   with  w a t e r   and  d r i ed   to  obta in   21.1  1 g.  of  the  p o l y m e r .  

The  p o l y m e r   had  an  ion  e x c h a n g e   c a p a c i t y   of  -COOH  g roups   of  0 . 2 0  

meq .   /g,  p o l y m e r   to  find  the  fact  that  the  m o d i f i e r   c o m p o n e n t   w a s  

inc luded   at  a  r a t io   of  about   2.  m o l   %. 

The  p o l y m e r   ob t a ined   in  the  f i r s t   s tage   and  the  p o l y m e r  

o b t a i n e d   in  the  second   s t age   of  the  p o l y m e r i z a t i o n   w i t h  



C F 2 = C F O ( C F 2 ) 3 C O O C H 3   w e r e   r e s p e c t i v e l y   put  in  w a t e r .   The  f o r m e r  

was  not  w e t t a b l e   to  w a t e r   to  f loa t   on  w a t e r   s u r f a c e   w h e r e a s   the  l a t e r  

was   w e t t a b l e   to  w a t e r   to  s ink   into  w a t e r .  

R E F E R E N C E  1 :  

A  c o p o l y m e r   of  t e t r a f l u o r o e t h y l e n e   wi th   20  mol   %  o f  

C F 2 = C F O ( C F 2 ) 3 C O O C H 3   o b t a i n e d  b y   an  e m u l s i o n   p o l y m e r i z a t i o n  o f  

C F 2 = C F 2   and  C F 2 = C F O ( C F 2 ) 3 C O O C H 3   was  a d m i x e d   with  2 .7   w t . %   o f  

the  m o d i f i e d   p o l y t e t r a f l u o r o e t h y l e n e   o b t a i n e d   in  E x a m p l e   1  or  2. 7  w t .  

%  of  a  h o m o p o l y m e r   of  p o l y t e t r a f l u o r o e t h y l e n e   in  t r i c h l o r o t r i f l u o r o -  

e t h a n e   wi th   s t i r r i n g   and  then ,   e a c h   m i x t u r e   was  d r i e d  a n d   k n e a d e d  

at  190 °C  by  a  two  ro l l   m i l l   to  r e s u l t   f i b r i l e s   of  the  m o d i f i e d   or  n o n -  

m o d i f i e d   p o l y t e t r a f l u o r o e t h y l e n e   c o m p o n e n t  a n d   then ,   it  was  p r e s s -  

m o l d e d   at  230 °C  to  f a b r i c a t e   a  f i lm.   The  f i lm   was  h y d r o l y z e d   b y  

d i p p i n g   it  in  25%  a q u e o u s   s o l u t i o n   of  s o d i u m   h y d r o x i d e   at  90°C  for  16 

h o u r s   to  o b t a i n   each   ion  e x c h a n g e   m e m b r a n e   h a v i n g   a  t h i c k n e s s   o f  

3 0 0 µ .   The  m e c h a n i c a l   p r o p e r t i e s   of  the  r e s u l t i n g   r e i n f o r c e d   i o n  

e x c h a n g e   m e m b r a n e s   a r e   as  f o l l o w s .   The  m e m b r a n e   o b t a i n e d   b y  

us ing   the  m o d i f i e d   p o l y t e t r a f l u o r o e t h y l e n e   had  a  t e a r   s t r e n g t h  

( p r o p a g a t i o n ) o f   8  k g .  / c m 2   and  m a x i m u m  f l e x u r a l   t i m e s   of  2,  000  

w h e r e a s   the  m e m b r a n e   o b t a i n e d   by  us ing   the  h o m o p o l y m e r   of  p o l y -  

t e t r a f l u o r o e t h y l e n e   had  a  t e a r   s t r e n g t h   ( p r o p a g a t i o n )   of  4  k g .  / c m 2  

and  m a x i m u m   f l e x u r a l   t i m e s   of  200.  The  i m p r o v e m e n t  o f   t h e  

m e c h a n i c a l   p r o p e r t i e s   of  the  m e m b r a n e  o b t a i n e d   b y  u s i n g   the  m o d i f i e d  

p o l y t e t r a f l u o r o e t h y l e n e   of  the  p r e s e n t   i n v e n t i o n   was  f o u n d .  



E X A M P L E   2:  

In  a c c o r d a n c e   with  the  p r o c e s s   of  E x a m p l e   1  except   t h a t  

C F 2 = C F O C F 2 C F ( C F 3 ) O ( C F 2 ) 3 C O O C H 3   was  added  i n s t ead   of 

C F 2 = C F O ( C F 2 ) C O O C H 3   to  c o p o l y m e r i z e   t h e m   in  the  second   s t a g e ,  

the  p o l y m e r i z a t i o n   in  the  f i r s t   and  s e c o n d   s t a g e s   was  c a r r i e d   out  t o  

ob ta in   24. 3  g.  of  a  p o l y m e r   hav ing   an  ion  e x c h a n g e   c a p a c i t y   of  0 .  35 

meq .   /g.  p o l y m e r   and  a  con ten t   of  the  m o d i f i e r   c o m p o n e n t   of  4.  0  mol  %. 

E X A M P L E   3: 

In  a c c o r d a n c e   with  the  p r o c e s s   of  E x a m p l e   1  except   t h a t  

C F 2 = C F O C F 2 C F ( C F 3 ) O C F 2 C F 2 S O 2 F   was  added   i n s t e a d   of  C F 2 = C F O  

( C F 2 ) 3 C O O C H 3   to  c o p o l y m e r i z e   t h e m   in  the  s econd   s t age ,   t h e  

p o l y m e r i z a t i o n   in  the  f i r s t   and  s e c o n d   s t a g e s   was  c a r r i e d   out  to  o b t a i n  

20. 5  g.  of  a  p o l y m e r   h a v i n g   an  ion  e x c h a n g e   c a p a c i t y   of  0. 11  meq .   / g .  

p o l y m e r   and  a  con ten t   of  the  m o d i f i e d   c o m p o n e n t   of  1.  m o l   %. 



E X A M P L E   4 :  

In  a c c o r d a n c e   wi th   the  p r o c e s s   of  E x a m p l e   1  e x c e p t   t h a t  

O  

CF2  =  C F O ( C F 2 ) 3 P ( O C H 3 ) 2   was   u s e d   i n s t e a d   o f  

CF2  =  C F O ( C F 2 ) 3 C O O C H 3   and  the  p o l y m e r i z a t i o n   t ime   was  t w o  

h o u r s   in  the  s e c o n d   s t a g e ,   the  p o l y m e r i z a t i o n   was  c a r r i e d   out  t o  

ob ta in   20 .3   g.  of  the  p o l y m e r   h a v i n g   an  i o n - e x c h a n g e   c a p a c i t y   o f  

0 .16   m e q / g .   p o l y m e r   and  h a v i n g   a  c o n t e n t   of  the  m o d i f i e r  

c o m p o n e n t   of  0.  82  m o l % .  

E X A M P L E   5:  

In  a c c o r d a n c e   wi th   the  p r o c e s s   of  E x a m p l e   1  e x c e p t   t h a t  

the  p o l y m e r i z a t i o n   t ime   was   5  h o u r s   in  the  s e c o n d   s t age ,   t h e  

p o l y m e r i z a t i o n   was  c a r r i e d   out  to  ob t a in   2 3 . 8   g.  of  the  p o l y m e r  

h a v i n g   an  i o n - e x c h a n g e   c a p a c i t y   of  0. 40  m e q / g .   p o l y m e r   a n d  

h a v i n g   a  con t en t   of  the  m o d i f i e r   c o m p o n e n t   of  4 . 4   m o l % .  



1)  A  p r o c e s s   for  p r o d u c i n g   a  m o d i f i e d   p o l y t e t r a f l u o r o -  

e t h y l e n e   which   c o m p r i s e s   p o l y m e r i z i n g   t e t r a f l u o r o e t h y l e n e   in  a n  

a q u e o u s   m e d i u m   c o n t a i n i n g   a  d i s p e r s i n g   agen t   with  a  p o l y m e r i z a t i o n  

i n i t i a t o r   s o u r c e   and  then,   c o p o l y m e r i z i n g   t e t r a f l u o r o e t h y l e n e   and  a  

f l u o r i n a t e d   m o n o m e r   hav ing   an  ac id   type  f u n c t i o n a l   group  as  a  

c o p o l y m e r i z a b l e   m o d i f i e r   in  the  p r e s e n c e   of  the  r e s u l t i n g   p o l y t e t r a -  

f l u o r o e t h y l e n e   to  obta in   a  m o d i f i e d   p o l y t e t r a f l u o r o e t h y l e n e   hav ing   t h e  

m o d i f i e r   c o m p o n e n t   of  0 .001  to  10  mol   %. 

2)  The  p r o c e s s   a c c o r d i n g   to  C l a i m   1  w h e r e i n   said  m o d i f i e r  

c o m p o n e n t   is  p r e s e n t   in  each  s h e a t h   l a y e r   c o r r e s p o n d i n g   to  upto  30% 

of  the  to ta l   we igh t   of  the  p a r t i c l e s .  

3)  The  p r o c e s s   a c c o r d i n g   to  C l a i m   1  or  2  w h e r e i n   s a i d  

c o p o l y m e r i z a b l e   m o d i f i e r   is  fed  into  the  p o l y m e r i z a t i o n   s y s t e m   t o  

c o p o l y m e r i z e   with  t e t r a f l u o r o e t h y l e n e   a f t e r   p o l y m e r i z i n g   at  l eas t   70% 

of  the  t o t a l   we igh t   of  t e t r a f l u o r o e t h y l e n e   p o l y m e r i z e d .  

4)  The  p r o c e s s   a c c o r d i n g   to  C l a i m   1,  2  or  3  w h e r e i n   s a i d  

c o p o l y m e r i z a b l e   m o d i f i e r   is  a  f l u o r o v i n y l   c o m p o u n d   having   the  f o r m u l a  

w h e r e i n   p  is 0  or  1 ;   l  i s  0  t o  3 ;   m  i s   0 to  1;  n  is  0  to  12;  X  r e p r e s e n t s  

-F,   -Cl  or  - C F 3 ;   X'  r e p r e s e n t s   -F  or  - C F 3 ;   Y and  Y'  r e s p e c t i v e l y  

r e p r e s e n t   -F  or  a  C1-10   p e r f l u o r o a l k y l   g roup;   A  r e p r e s e n t s   - C N ,  

- C O F ,   -COOH,   - C O O R 1 ,   -COOM  or  - C O O N R 2 R 3 ,   -SO2F,   - S O 3 M ,  

- S O 3 H ,  R1  r e p r e s e n t s  a   C 1 - 1 0  

a lkyl   g roup;   R2  and  R3  r e s p e c t i v e l y   r e p r e s e n t   -H  or  R 1 ;  



R4  r e p r e s e n t s   R1;  M  r e p r e s e n t s   an  a l k a l i   m e t a l   a t o m   or  a  q u a t e r n a r y  

a m m o n i u m   g r o u p .  
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